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Pemphigus foliaceus (PF) antigen is a transmembrane des-
mosomal glycoprotein (desmoglein I), part of which is lo-
cated on the keratinocyte surface. Previous studies have 
shown that after trypsinization of viable human epidermis, 
this antigen is no longer detected on the surface of detached 
keratinocytes. It was not known, however, if this loss of 
antigenic activity was due to destruction, internalization, or 
cleavage of the antigen itself. 
In the present study we investigated the fate of the PF 
antigen after trypsinization of viable human skin. By using 
Concanavalin-A agarose affinity chromatography, we could 
partially purify an antigenic glycoprotein fraction that was 
released by trypsinization into the medium. This antigenic 
fraction was radio labeled and tested by immunoprecipitation 
using sera from endemic pemphigus foliaceus or fogo selva-
gem (FS) , non-endemic pemphigus foliaceus (NEPF), pem-
E ndemic pemphigus foliaceus (PF) or fogo selvagem (FS) and non-endemic PF are autoimmune blistering diseases characterized by subcorneal vesicles and IgG class au-toantibodies which stain the epidermal intercellular spaces (ICS) by indirect immunofluorescence (IF) [1]. 
These autoantibodies are restricted predominantly to the IgG4 sub-
class and are pathogenic in vivo as shown by passive transfer experi-
ments (2] . 
The precise molecular ~har~cterizat~on of the antigenic moieties 
recognized by PF autoantibodies remams obscure. Stanley and col-
leagues, by immunoblotting procedures, were ~he first t~ show that 
one third of the sera of FS and non-endemic PF patients bmds 
desmoglein I (DG-I) from epidermal extracts (3]. Because DG-I is a 
transmembrane glycoprotei~ (~,5] and FS autoantibodies bi.nd t!le 
surface of keratinocytes ( 6], It Is probable that these autoantibodies 
recognize the extracellular domain o~ this mo~ecule. Mo~eover, it is 
shown by indirect IF that viable ttypsm-dissociated keratmo~y.tes do 
not bind FS autoantibodies (7]. Therefore, the purpose of this mves-
tigation was to study the possibility that trypsinization of viable 
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phigus vulgaris (PV), and bullous pemphigoid (BP) patients, 
and sera from normal subjects as controls. Immunoprecipi-
tated labeled proteins were analyzed by SDS-PAGE and auto-
radiography. All FS sera (20 of 20 FS and five of five NEPF) 
and 46% of the PV sera (six of 13) immunoprecipitated a 
band of 45-kD molecular weight. Sera from FS patients in 
prolonged clinical and serological remission (seven of 10), 
sera from BP patients (five of five), and sera from normal 
dono~s (nine of nine) did not precipitate this 45-kD band. 
Thts study showed that a fragment of the PF antigen is 
released by trypsinization of human skin as a soluble immu-
noreactive glycopeptide of 45-kD molecular weight. Addi-
tionally, this procedure has generated sufficient quantities of 
the PF antigen for further biochemical characterization. 
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hu~an epidermis cleaves the surface domain of the FS antigen, 
whic~ co~ld be recover.ed from the medium. We report here the 
IdentificatiOn of a tryptic fragment that bears epitopes recognized 
by.FS autoantibodies and is released during trypsinization of human 
epidermis. 
MATERIALS AND METHODS 
Sources of sera FS sera were obtained from patients with activ~ 
and widespread disease showing high titers of FS autoantibodie 
(n: 20). Ten FS patients in complete clinical remission (either spon-
taneous or steroid induced) possessing no FS autoantibodies (n = 7) 
or l~w t1ters (1: 40 (n = 1), 1: 160 (n = 2)] were also included, 
Additionally, sera from PV patients (n = 13), nonendemic PF (n ~ 
5), builous pemphigoid (BP) (n = 5) were also tested. Control nor, 
mal human serum (NHS) was obtained from normal individual 
living in endemic areas .of FS in Brazil (n = 7) and from normal 
volunteers from our laboratory {n = 2). The indirect IF titers ot 
antiepidermal autoantibodies in all sera tested in this investigation 
are presented in T ables I and II. 
Immunofluorescence Procedures All sera were screened for 
antiepidermal autoantibodies by routine indirect IF as described 
previously [2,8) using cryosections of human skin and fluorescein, 
isothiocyanate (FITC)-conjugated goat antihuman IgG (Cappel 
Laboratories, Cochranville, PA). Specimens were analyzed using ~ 
Nikon fluorescence microscope equipped with epifluorescence. 
Extraction and Partial Pudfi.cation of an Antigenic Frac. 
tion Viable human skin obtained from fresh surgical specimen 
was incubated overnight at 4 o C in 0.25% trypsin in 0.1 M Tris/ 
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Table I. Antibody Titers of the Pemphigus Foliaceus and 
Normal Human Sera Tested and Results of the 
Immunoprecipitation 
Patients Number Indirect IF Titers• 45 kD 
Fogo Selvagem (FS) 20 From 1: 160 to 1 :2560 + 
FS in remiss ion (<4 3 1:160, 1 :40, 1 :160 + 
years) 
FS in remission (> 10 7 Negative 
years) 
Non endemic 5 From 1:320 to 1:1280 + 
pemphigus folia-
ceus 
Normal human sera 9 Negative 
• Autoantibodies against the epidermal intercellular substance (ICS) . 
HCI, pH 7.2, with 5 mM CaC12. The epidermis was mechanically 
separated from the remaining dermis, and the epidermal cells were 
dissociated into the trypsin medium by gentle agitation. The cell 
pellet was then separated by centrifugation at 3000 rpm at 4 o C for 
10 min and the supernatant containing tt-yptic soluble components 
was treated with 5 mM phenylmethylsulfonylfluoride (PMSF) and 
stored frozen at -zooc until use. Glycopeptides present in the 
supernatant were partially purified by affinity chromatography on 
Concanavalin-A agarose (Sigma #8402) previously equilibrated 
with 0.1 M Tris/HCl, pH 7.2, with 5 mM CaCI2 (equilibrating 
buffer). The unbound fraction was discarded and the bound glyco-
peptides were eluted with 0.2 M alpha-methylmannoside in equili-
brating buffer. The released glycopeptides were pooled, concen-
trated to a final volume of 1.0 ml , dialyzed against the equlibrating 
buffer, and treated with a cocktail of protease inhibitors that in-
cluded pepstatin, antipain, chymostatin, leupeptin (0 .01 mg/ml of 
each) and 5 mM PMSF. The approximate protein content was de-
termined in the concentrated antigenic fraction (designated "Con-
A bound") by absorption at 280 nm using an extinction coefficient 
of 1.0. 
Immunoadsorption of Pemphigus Foliaceus Autoantibodies 
by Epidermal Antigenic Fractions Immunoadsorption of FS 
or PV autoantibodies by soluble antigenic fractions was performed 
following previously reported procedures (9) . Briefly, varying 
amounts of epidermal antigen fraction (or control unrelated bovine 
serum albumin (BSA)) were incubated at 37°C for 1 h with an 
aliquot of a 1 : 80 dilution of a FS serum known to have an indirect 
IF titer ofFS autoantibodies of 1: 1280. Following centrifugation at 
10,000 X g the supernatant was coded and tested by indirect IF for 
detection of pemphigus autoantibodies. To eliminate the possibility 
that some component of the "Con-A bound" frac tion was causing 
loss of the antigenicity of the cellular molecule in situ (epidermal 
Table II. Antibody Titers of the Pemphigus Vulgaris Sera 
T ested and Results of the Immunoprecipitation 
Patients Indirect IF Titers' 45 kD 
Fi 1:1280 + 
Ja 1: 160 + 
An + 
St 1:20 + 
Ku 1 :640 + 
Le .1:40 + 
Co 1:1280 + 
Hu 1:40 
Ne 1: 640 
Ar 1 :320 
Za 1: 1280 
Di 1:640 
Ki 
• Autoantibodies against the epidermal intercellular substance {ICS). 
TRYPTIC FRAGMENT OF PEMPHIGUS FOLIACEUS ANTIGEN 209 
cryosection), e.g., by proteolysis, the following experiment was 
carried out. Cryosections of human skin were placed on glass slides 
and incubated with the antigenic fraction for 30 min, followed by a 
rinse with equilibrating buffer. These sections were then used to test 
a positive FS serum by indirect IF. 
Effects of Boiling and Freezing and Thawing on the Immu-
nologic Activity of Pemphigus Foliaceus Antigen An ali-
quot of"Con-A bound" fraction was subjected to boiling for 3 min 
or freezing and thawing for three cycles. Residual antigenic activity 
was tes ted in each sample by immunoadsorption of a positive FS 
serum, and compared with an untreated antigenic fraction. 
Labelling of "Con-A Bound" Fraction Proteins with 
125! 12 X 75 mm borosilicate disposable culture tubes were coated 
with 100 ,ul of a 1.0 mg/ml solution of Iodogen (1,3,4,6 tetra-
chloro-3',6' diphenylglycouril , Sigma Chemical Company, St. 
Louis, MO) in methylene chloride as previously described [9). 
1.0 ml of "Con-A bound" fraction was added to a coated tube, 
followed by 160 ,ul of the radiolabelling solution containing 40 ,ul 
ofKI (0.25 mg/ml) , 10 ,ul ofNa 125I (1.0 mCi) (Amersham, Arling-
ton Heights, IL), and incubated for 20 min under gentle swirling at 
room temperature. The mixture was transferred to another Iodo-
gen-coated tube and incubated for the same length of time. The 
percentage of1 251 incorporated into the epidermal proteins and pre-
cipitable by 10% trichloroacetic acid was estimated. The final radio-
labeled antigenic fraction was aliquoted and stored at -zooc for 
immunoprecipitation procedures. 
Immunoprecipitation of 1251 Labeled "Con-A Bound" by FS 
Sera Before immunoprecipitation procedures an aliquot of 12SI-
labeled "Con-A bound" fraction was adsorbed with a 1 Oo/o crude 
insoluble suspension of Staphylococw s au reus (SPA) (Cowan, Sigma, 
St. Louis, MO) as described by others [10). The SPA was suspended 
in 0.1 M Tris/ HCl buffer at pH 7.2, containing 5% BSA, 1 o/o Tri-
ton X-100, and 5 mM CaCl2 [immunoprecipitation buffer (IPB)). 
Twenty-five microliters of adsorbed 125I-labeled "Con-A bound" 
fraction (1 X 106 cpm) was added to a test serum (100 ,ul of a 1: 10 
dilution) and incubated at 37"C for 1 h. T o this mixture 50 ,ul of a 
10% suspension of SPA was added and incubated for another hour at 
room temperature and then centrifuged at 8,000 X g for 10 min. 
The pellet was washed 3 times with immunoprecipitation buffer 
containing no BSA and then extracted by boiling for 3 min in 
100 ,ul of 1 o/o sodiUm dodecyl sulfate (SDS) containing 5% beta 
mercaptoethanol (BME). The samples were centrifuged and ana-
lyzed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and 
autoradiography. 
Gel Electrophoresis and Autoradiography One-dimensional 
SDS-PAGE was p erformed as described previously [9) using 7% to 
15% polyacrylamide gradient slab gels. The gel slabs were stained 
with Coomassie blue and then dried for autoradiography analysis. 
Dried gels were exposed to Kodak X-OMAT R (XR-5) film 
(Kodak, Rochester, N~) at - 70 oC for 12 to 18 h using intensifying 
screens. Molecular wetght standards were used to calibrate the gels 
(Bio Rad, Ric!1mond , CA). 125!-labeled human IgG was used to 
mark the mobtbty of heavy (52 kD) and light (23 kD) chains. 
RESULTS 
Partially Purified Epidermal Tryptic Glycopeptides Im-
munoadsorb FS Autoantibodies Epidermal glycopeptides re-
leased by trypsin and bound by Concanavalin A ("Con-A bound" 
fraction) were very efficient in adsorbing FS autoantibodies from FS 
serum. Further, thc; antigenic activity of this fraction was dose de-
pendent and was destroyed by boiling and by repeated freezing and 
thawing. Aliquots ofFS serum incubated with an optimal amount of 
" Con-A bound" fraction no longer stained the epidermallCS by 
indirect IF procedures (Fig 1). In contrast, FS serum adsorbed by 
umelated antigens such as BSA or unadsorbed FS serum produced an 
intense staining of the epidermal ICS. Moreover, epidermal cryo-
sections incubated with the "Con-A bound" fraction and then ex-
posed to FS serum continued to bind strongly FS autoantibodies in 
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Figure 1. Immunoadsorption ofFS autoantibodies by the "Con-A bound" 
fraction. These photographs show indirect IF reactions using fresh neonatal 
foreskin as substrate. Right, the reaction was performed with a positive FS 
serum of known titer (1 : 1280) used at a 1 : 80 dilution. A clearly positive 
intercellular fluorescence pattern can be observed throughout the epidermis. 
The left pa11el shows the result of the indirect IF performed with the same 
serum, previously incubated with the "Con-A ~oun.d" fraction; there is 
complete blocking of the IF reactiOn by t!HS anttgemc extract. 500 ~g of 
antigen per 1 ml of serum. 
the ICS, implying that the blocking activity of this fraction was not 
caused by destruction of the FS antigen on the cryosection. 
Immunoprecipitation of a 45 kD Tryptic Fragment of FS 
Antigen by Pemphigus Sera Radiolabell~d "Con-A ?~und" 
fraction contained a 45-kD fragment that was 1mmunoprec1p1tated 
by all FS sera (20 of 20) an.d all non-endemic PF sera (five of ~ve) 
tested . In addition, the radtOlabeled fragment was also recogruzed 
by 50% of PV sera (six of 13) and 30% of sera f~o~ FS pati~nts in 
short-term remission (three of 10), one w1th an mdtrect IF titer of 
1:40 and the other two with a titer of 1: 160. The FS sera (n = 7) 
with negative indirect IF titers for FS autoantibodies did not precipi-
tate the 45-kD fragment nor did NHS (zero of nine) or sera fromBP 
patients (zero of five) wit~ titers ranging from .1:40 t? .1: 1280. 
Figures 2-4 show the locattOn of the 45-kD peptide preCipitated by 
1 2 3 4 5 6 7 8 9 
51 
22 
Figure 2. Aliquots of the 1251-labeled proteins of the "Con-A bound" frac-
tion were immunoprecipitated wtth FS sera and normal human sera as con-
trols. lmmunoprecipitated proteins were analyzed by SDS-PAGE and aut~­
radiography. A radiolabeled protein band of approximately 45 kD (arrow) JS 
immunoprecipitated by all three FS sera tested (lanes 4-6). Lane 1 shows 
radiolabeled lgG used as a molecular weight standard. Lanes 2,3, 7,8, and 9 
represent live normal human sera. 
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Figure 3. Immunoprecipitated 1251-labeled proteins of the "Con-A bound'\ 
fraction were analyzed by SDS-PAGE. This autoradiogram of the dried ge( 
shows immunoprecipitation results using six PV sera (lan es 2,3,4,6, 7, and 8), 
The 45-kD radiolabeled band (arrow) can be seen in a range of dilferen~ 
intensities from negative (lan e 8) to strongly positive reaction (lane 4) , 
Positive bands obtained with endemic pemphigus foliaceus sera (EPF) can~ 
observed in lanes 1 and 9. Normal human sera are shown in lanes 5 and 10, 
FS, compared to control sera. The results of the immunoprecipita, 
tion procedure are also shown in Tables I and II. The 45-kD ban~ 
was recognized by PV sera independent of the indirect IF titer ofPV 
autoantibodies, i.e ., whereas some PV sera with high titers of PV 
autoantibodies did not precipitate the peptide, other sera with lo~ 
titers did immunoprecipitate the 45 kD peptide (Table II). Th~ 
radio labeled band precipitated by PV sera, however, was less intens~ 
than that seen with FS sera. 
DISCUSSION 
When human epidermal 4J.L-thick cryosections are incubated wit~ 
FS or non-endemic PF and PV sera the autoantibodies {resent ilj 
these sera decorate the epidermal ICS by indirect IF [2,8 . Immun, 
oelectron microscopic examination of diseased epidermis from pa, 
tients [6,11] or experimental animals injected with these autoanti, 
bodies [12,13) locate the antigens on the surface of keratinocyt~ 
facing the res. 
If human epidermis is trypsinized, dissociated keratinocytes llQ 
NHS E PF BP 
~----~----~ I ~----~-----, 
2 3 4 5 6 7 8 9 10 11 
Figure 4. The autoradiogram shown here represents the result of imrnuno. 
precipitation performed with live normal human sera (/an~s 1-5) and~~~ 
bullous pemphigoid sera (la11 es 7-11). None of these sera tmmunoprecipt. 
tated the 45-kD band (arrow). This band can be observed in lane 6 and wa~ 
obtained with an endemic pemphigus foliaceus (EPF) serum. 
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longer bind FS and non-endemic PF autoantibodies by indirect IF 
(7). The antigens recognized by these autoantibodies gradually ap-
pear on the surface of keratinocytes grown in culture (14). This 
investigation shows that during trypsinization, human epidermis 
releases a glycopeptide that immunoadsorbs FS autoantibodies and 
that can be partially purified by Con-A affinity chromatography. 
The "Con-A bound" fraction adsorbs FS autoantibodies in a dose 
dependent fashion and is destroyed by boiling and repeated freezing 
and thawing, suggesting a protein nature of the antigenic site recog-
nized by FS autoantibodies. 
To further substantiate the presence of active antigens reacting 
with FS autoantibodies in the "Con-A bound" fraction, a sensitive 
immunoprecipitation technique was used. Radiolabelled "Con-A 
bound" proteins contained a 45 kD glycopeptide that was recog-
nized by all FS and non-endemic PF sera. Furthermore, only three 
of 10 sera from FS patients in clinical remission also reacted with the 
45-kD band. These sera, however, contained low titers of FS au-
toantibodies. The majority of sera in this group (n = 7), which 
contain no autoantibodies detected by indirect IF, did not immune-
precipitate the 45 kD antigen. The 45-kD fragment was also recog-
nized by approximately 50% of the PV sera tested. However, im-
munoprecipitation of the 45-kD band was unrelated to the titer 
of PV autoantibodies in these sera. Other sera containing autoanti-
bodies against skin antigens such as BP sera (n = 5) and NHS did 
not recognize the 45-kD PF antigenic fragment. 
PV and PF antigens appear to be desmosome-associated glyco-
proteins because PV and PF autoantibodies recognize desmosomal 
core glycoproteins [15). However, these studies remain incomplete 
and the final biochemical characterization of both antigens is still 
elusive. For example, immunoblotting and immunoprecipitation 
studies show clear differences in the specificities of both autoanti-
bodies when tested against human epidermal extracts. Stanley and 
co-workers (3, 16 -17], using immunoblotting techniques, showed 
that about one third of FS sera recognize a 160-kD peptide that was 
identified as DG-1, whereas the majority of PV sera do not react 
with epidermal antigens by this procedure or occasionally recognize 
a 140 kD peptide [15]. The same investigators found that PF sera 
immunoprecipitated a "PF complex" from an epidermal extract 
composed of 260-, 160- (DG-I), 110- , and 85-kD peptides in which 
the 160-kD and 85-kD peptides are disulfide linked l19,20]. On the 
other hand, PV sera immunoprecipitated a "PV complex" of 130-
and 85-kD disulfide linked peptides [18,20]. The 85-kD peptides of 
the "PV complex" and "PF complex" have recently been identified 
as plakoglobin [21]. Additionally, two thirds of the PV sera tested 
precipitated "PF complex," whereas all the PF sera tested did not 
precipitate the "PV complex" (20]. 
Recently, Labib et al (9) have demonstrated that two of four PV 
sera also recognize, by immunoprecipitation techniques, a 50-kD 
proteolytic fragment of PF antigen removed from human keratino-
cyte envelopes by papain. It is unknown at present if the 50-kD 
proteolytic fragment obtained from keratinocyte envelopes and the 
45-kD tryptic fragment reported in this paper represent different 
portions of the same PF antigen molecule. It is clear however, that 
both fragments share some immunologic properties, e.g., they im-
munoadsorb FS autoantibodies from the patients' sera and both 
reacted specifically by immunoprecipitation with the FS sera tested. 
Whether these fragments are also present in the "PF complex" 
detected by Stanley [ 19 ,20] remains to be determined. 
Another aspect that needs further clarification is the relationship 
of the proteolytic fragments of FS antigen with known desmosomal 
glycoproteins. Mattey et al [22] recently reported that trypsinization 
of bovine nasal epithelial desmosomes in the presence of ca++ is 
associated with the re lease of a glycopeptide of 42-kD molecular 
weight. T his glycopeptide is recognized by antibodies against 
DG-Il. Similarly, Rees et al (23) eresented evidence that epithelial 
cells metabolically labeled with l35S] methionine release a 50-kD 
peptide after trypsinization that is immunoprecipitated by antibod-
ies against DG-I. The findings reported in this paper suggest that 
trypsin cleaves off the extracellular portion of DG-l, which carries 
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epitopes recognized by FS autoantibodies. Further work is needed in 
this important area of investigation to clarify the relationship of 
these various desmosomal components. 
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